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(54) Air conditioning system and operating method therefor 

(57) An air conditioning system formed by connecting at 
least one indoor unit 10a, 10b, 10c with an outdoor unit 1 
by piping, wherein a control apparatus (18) for controlling 
the system includes:- a discharge temperature control 
device (27) for controlling the opening angle of an outdoor 
expansion valve 8 so as to reduce a deviation of a detected 
value of discharge temperature or degree of discharge 
superheat of a variable-capacity compressor 2 from a 
target value; a room temperature control device (32) for 
controlling a deviation of a detected room temperature 
from a set room temperature in order to reduce the 
deviation; and a discharge pressure control device (22) for 
controlling the number of compressor revolutions so that 
the compressor discharge pressure reaches a specified 
value, and an electric-power-minimizing device (34) for 
computing minimum power consumption searches for a 
state for reducing a detected value of an electric power 
detector (33) based on fed-back output quantities of the 
above-mentioned three devices. 
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- 1 - 

AIR CONDITIONING SYSTEM AND OPERATING METHOD THEREFOR 



This invention relates to an air conditioning 
system and a method for operating this system, and more 
particularly to an air conditioning system and a method 
for operating this system utilizing electric energy 
efficiently. 

In the conventional air conditioning systems, 
as shown in JP-A-63-25446 and JP-A-5-118609, attempts 
were made to minimize power consumption by controlling 
the room temperature by manipulating the number of 
compressor revolutions so as to approach its set or 
target value and controlling the degree of compressor 
superheat by manipulating the opening of the expansion 
valve so as to approach its set or target value, and at 
the same time manipulating the number of revolutions of 

indoor fans . 

In conventional multi-room air conditioning 

systems, each having a plurality of indoor units 

connected by piping to one outdoor unit, as shown in 

JP-A-3-191265, JP-A-4-254161, JP-A-5-33986 , and JP-A-5- 

93539, for example, the pressure of the compressor or the 

temperature of the outdoor heat exchanger of the outdoor 

unit and the temperatures of the heat exchangers of the 

indoor units were used as controlled variables, and in 
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10 



order for the controlled variables to approach the 
predetermined set values according to the operating 
condition, manipulated variables such as the number of 
revolutions of the compressor and the opening angle of 
the expansion valve are controlled by commands from the 
control apparatus. By the control apparatus as mentioned 
above, a multi-room air conditioning system can be 
controlled so as to be always in an appropriate operating 
condition, the compressor operation and the refrigeration 
cycle can always be maintained in stable condition, and 
the air conditioning capacity can be adjusted so as to 
correspond to increases or decreases of the air 
conditioning load of the respective rooms. Therefore, 
the air conditioning system can always be maintained in a 
15 balanced operating condition with less energy losses. 

However, in the former of the above-mentioned 
prior art, the. direct object of control is to abide by 
the set value of room temperature and the target value of 
compressor superheat, so that nothing more than the 
function to perform stable control is provided. More- 
over, since power consumption is minimized by manipulat- 
ing only the number of revolutions the fans on the indoor 
unit side, there is a limit to minimization of power 
consumption. In other words, there is a possibility that 
25 power consumption by the whole of the air conditioning 

system is not minimized, and this is intolerable from the 
viewpoint of energy saving. In the latter of the prior 
art mentioned above, enough consideration was not taken 



20 
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of power consumption of the multi-room type air 
conditioning system. For this reason, even if the air 
conditioning system has been operating stably and safely 
and, also, the users are enjoying a comfortable life, but 
viewed from a viewpoint of energy saving, this does not 
necessarily mean that the optimum operating condition has 
been achieved. 



An object of the present invention is to 

10 provide an air conditioning system having a control 

apparatus so arranged as to decide manipulated variables 
to minimize the power consumption of the air conditioning 
system as the controlled variable, and also provide a 
method for controlling this air conditioning system. 

15 Another object of the present invention is to 

reduce power consumption in the air conditioning system 
without sacrificing the comf ortability for the users. 

A further object of the present invention is to 
provide an air conditioning system superior in controlla- 

20 bility, and a control method therefor. 

A yet further object of the present invention 
is to provide an air conditioning system including 
control means for directly controlling power consumption 
or a coefficient of performance. 

25 In a preferred mode of carrying out the present 

invention to achieve the above objects, an air condition- 
ing system has an outdoor unit and at least one indoor 
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unit connected by piping, and control means for perform- 
ing feedback control of controlled variables by using 
manipulated variables, the outdoor unit having a 
variable-revolution-speed compressor, an outdoor heat 
5 exchanger and an outdoor expansion valve sequentially 
connected by piping, said at least one indoor unit 
including an indoor heat exchanger, wherein for the 
control means, electric power detecting means for 
detecting the electric power consumed by the air con- 
10 ditioning system is installed to enable the control means 
to perform feedback control including control to minimize 
power consumption when deviations of the room tempera- 
tures or the air conditioning capacities of the indoor 
units from the target values are within specified ranges. 
15 Preferably, each of the indoor units includes 

an indoor expansion valve, and the control means also 
controls the opening angle of the indoor expansion valve. 

Furthermore, preferably, the control means 
includes a first feedback control portion for controlling 
20 the discharge pressure so as to approach the target 

value, a second feedback control portion for controlling 
the discharge temperature of the compressor so as to 
approach the target value, and a third control portion 
for controlling a plurality of room temperatures so as to 
25 approach the target values, and wherein the control means 
further includes an electric power control portion for 
receiving an electric power value detected by the 
electric power detecting means, and outputting correction 
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15 



20 



25 



signals through adders into the feedback loops of the 
first to third feedback control portions. 

Further, preferably, the control means includes 
a first feedback control portion for controlling the 
discharge pressure so as to approach the target value, a 
second feedback control portion for controlling the dis- 
charge temperature of the compressor so as to approach 
the target value, and a third feedback control portion 
for controlling a plurality of room temperatures so as to 
approach the target values, and the control means further 
includes an electric power control portion for receiving 
an electric power value detected by the electric power 
detecting means, outputting correction signals through 
adders to the feedback loops of the first and second 
feedback control portions, and also outputting a cor- 
rection signal into the feedback loop of the third 
feedback control portion. 

Further, preferably, the air conditioning 
system comprises discharge pressure detecting means for 
detecting the discharge pressure of the compressor, 
temperature detecting means for detecting the discharge 
gas temperature or the degree of superheat, electric 
power detecting means for detecting power consumption or 
current and voltage, room temperature detecting means for 
detecting the temperature of air flowing into the indoor 
units, setting means for setting the set values of room 
temperature or the target values of the air conditioning 
capacities of the indoor units, means for deciding the 
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target value of the discharge pressure of the compressor, 
number of revolutions computing means for computing the 
number of revolutions of the compressor to reduce the 
deviation of the discharge pressure detected by the 
5 discharge pressure detecting means from the target value 
thereof, number of revolutions control means for con- 
trolling the number of compressor revolutions based on 
the result of the computation, means for deciding the 
target value of the discharge gas temperature or the 

10 degree of superheat of the compressor, opening angle 

computing means for computing the opening angle of the 
outdoor expansion valve to reduce the deviation of the 
discharge gas temperature or the degree of superheat from 
the target value thereof, opening angle control means for 

15 controlling the opening angle of the outdoor expansion 
valve based on the result of the computation, and a 
control apparatus for, to further reduce power con- 
sumption of the multi-room air conditioning system 
detected by the electric power detector, putting 

20 deviations of the set values of room temperature or 
deviations of the air conditioning capacities of the 
indoor units in operation from the target values in 
specified ranges and putting a deviation of the com- 
pressor discharge pressure from the target value and a 

25 deviation of the discharge gas temperature or the degree 
of superheat from the target value in specified ranges, 
and executing at least either the correction of the 
number of compressor revolutions and the correction of 
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the outdoor expansion valve opening angle, or the 
correction of the target value of the compressor dis- 
charge pressure and the correction of the target value of 
the discharge gas temperature or the degree of superheat. 

in another preferred mode of carrying out the 
present invention, an air conditioning system has an 
outdoor unit and at least one indoor unit connected by 
piping, the outdoor unit having a variable-revolution- 
speed compressor, an outdoor heat exchanger and an 
outdoor expansion valve sequentially connected by piping, 
the at least indoor unit having an indoor heat exchanger 
and an indoor expansion valve connected by piping, said 
air conditioning system comprising electric power 
detecting means for detecting power consumption of the 
air conditioning system, compressor temperature detecting 
means for detecting the discharge temperature of the 
compressor, room temperature detecting means for detect- 
ing the temperatures of air flowing into the indoor heat 
exchangers, and control means for controlling the number 
of compressor revolutions and the opening angles of the 
outdoor expansion valve and the indoor expansion valves, 
wherein the control means includes a first control 
portion for controlling the discharge pressure so as to 
approach the target value, a second control portion for 
controlling the discharge temperature of the compressor 
so as to approach the target value, and a third control 
portion for controlling a plurality of room temperatures 
so as to approach the target values, and wherein the 
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control means also includes an electric power control 
portion for receiving an electric power value detected by 
the electric power detecting means and outputting cor- 
rection signals to the first to third control portions. 

5 In still another preferred mode of carrying out 

the present invention, a method for controlling an air 
conditioning system for providing comfortable air- 
conditioned spaces by feedback control/ the air condi- 
tioning system having an outdoor unit and at least one 

10 indoor unit connected by piping , the outdoor unit having 
a variable-revolution-speed compressor, an outdoor heat 
exchanger and an outdoor expansion valve sequentially 
connected by piping, and the at least indoor unit having 
an indoor heat exchanger and an indoor expansion valve 

15 connected by piping, the method for controlling the air 
conditioning system comprising the steps of? 

after optimum air-conditioned spaces are 
obtained by feedback control using the discharge pressure 
and temperature of the compressor and the temperatures of 

20 air flowing into the indoor units, correcting at least 
either one of the number of compressor revolutions and 
the outdoor expansion valve opening angle; 

adjusting the opening angles of the indoor 
expansion valve so that the room temperatures of the 

25 indoor units in operation are in a specified range when 
the detected value of the compressor discharge pressure 
or temperature is in a specified range; 

comparing the power consumption of the air 
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conditioning system with the power consumption before the 
correction mentioned above; and 

repeating the above procedure until the power 

consumption becomes minimum. 

In the thus arranged air conditioning system 
according to the present invention, the measures taken to 
obtain comfortable air-conditioned spaces are the same as 
in prior art, that is, manipulated variables, such as the 
number of compressor revolutions and the expansion valve 
opening angle, are controlled in order that a plurality 
of controlled variables, including at least one of the 
discharge pressure, discharge temperature, suction 
pressure, and degree of discharge superheat of the 
compressor, along with the temperatures of the indoor 
heat exchangers or the temperature of the outdoor heat 
exchanger, agree with predetermined target values. 
Consequently, the whole air conditioning system can be 
controlled so as to be operated always in an appropriate 
operating condition, a stable and safe operation can be 
maintained, and at the same time the air conditioning 
capacity can be obtained which corresponds to an increase 
or decrease of load, and the air-conditioned spaces 
favorable to the users can be provided. 

Moreover, in the air conditioning system 
according to the present invention, the manipulated 
variables or the target values for the above-mentioned 
controlled variables are corrected to minimize power 
consumption based on the directly detected power 
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consumption in such a way -that the deviations from the 
set values of room temperature or the target values of 
the air conditioning capacities of a plurality of indoor 
units are within such specified ranges as not to impair 
5 the comfortability to the residents. Consequently , an 
advantageous operating condition from the energy saving 
point of view can be maintained at all times. 

In the drawings: 

Fig. 1 is a schematic diagram showing the 
10 configuration of a multi-room air conditioning system 
according to an embodiment of the present invention; 

Fig. 2 is a block diagram showing the functions 
of a control apparatus of the embodiment shown in Fig- 1; 

Fig. 3 is a schematic diagram showing the 
15 configuration of the air conditioning system according to 
another embodiment of the present invention; 

Fig. 4 is a diagram for explaining the opera- 
tion principle of the control apparatus according to the 
present invention ; 
20 Fig. 5 is a diagram for explaining the opera- 

tion principle of the control apparatus according to the 
embodiment shown in Fig. lj 

Fig. 6 is a flowchart for explaining the con- 
trol operation of the control apparatus in the embodiment 
25 shown in Fig. 1; 

Fig. 7 is a diagram showing the functions of 
the control apparatus in a further embodiment of the 
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present invention; 

Fig. 8 is a flowchart for explaining the 
control operation of the control apparatus in the 

embodiment shown in Fig. 7; 
5 Fig. 9 is a block diagram showing the functions 

of the control apparatus in yet another embodiment of the 

present invention; 

Fig. 10 is a diagram for explaining the opera- 
tion principle of the control apparatus in the embodiment 

10 shown in Fig. 9; 

Fig. 11 is a flowchart for explaining the 
control operation of the control apparatus in the embodi- 

ment shown in Fig. 9; 

Fig. 12 is a block diagram showing the func- 
tions of the control apparatus in a still further embodi- 
ment of the present invention; and 

Fig. 13 is a diagram for explaining combina- 
tions of manipulated variables in the present invention. 



15 



20 



25 



An embodiment of the present invention will be 
described with reference to the accompanying drawings. 
Description will start with a multi-room type air 
conditioning system and proceeds to a one-room type. 

Fig. 1 is a schematic diagram of a multi-room 
air conditioning system. Reference numeral 1 denotes an 
outdoor unit installed outdoors which includes as basic 
elements a capacity-variable type compressor 2 with a 
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variable number of revolutions, an outdoor heat exchanger 
3, and a variable-revolution-speed outdoor fan 4. In 
addition, as components to form a cooling/heating cycle 
for multi-room air conditioning, the outdoor unit further 
includes an accumulator 5, a four-way valve 6, a receiver 
7 and an outdoor expansion valve 8 which controls the 
flow rate of refrigerant flowing into the outdoor heat 
exchanger. Furthermore, the outdoor unit has a bypass 
expansion valve 9 for supplying refrigerant from the 
receiver 7 to the compressor suction side while 
controlling the flow rate* Those components form a 
cooling/heating heat source cycle for multi-room air 
conditioning. This outdoor unit is connected with a 
plurality of indoor units 10a, 10b and 10c in parallel. 
In Fig. 1, a case of three rooms is described, but the 
present invention is not limited to three indoor units. 
The respective indoor units contain indoor heat 
exchangers 11a, lib and 11c, variable-revolution- speed 
indoor fans 12a, 12b and 12c, and indoor expansion valves 
13a, 13b and 13c for controlling the flow rates of the 
indoor heat exchangers. The outdoor unit 1 and the 
indoor units 10a, 10b and 10c are connected by a gas pipe 
14 , a gas branch pipe 15, and gas sub-branches 15a, 15b 
and 15c, a liquid pipe 16, a liquid branch pipe 17, and 
liquid sub-branches 17a, 17b and 17c. 

The flow of refrigerant for heating the rooms 
is indicated by solid lines* In heating, the four-way 
valve 6 is in the state indicated by solid lines in Fig. 



1, and a high-temperature high-pressure gas refrigerant 
discharged from the compressor 2 is sent through the gas 
pipe 14 to the indoor units 10a, 10b and 10c in opera- 
tion, in the respective indoor units, the gas refrige- 
rant condenses in the indoor heat exchangers 11a, lib and 
lie, thereby heating the rooms, and becomes a liquid 
refrigerant. Thereafter, the refrigerant passes through 
the liquid pipe 16 and returns to the receiver 7 of the 
outdoor unit 1. The liquid refrigerant, after coming out 
of the receiver 7, evaporates in the outdoor expansion 
valve 8 and the outdoor heat exchanger 3 to become a gas 
refrigerant, and returns through the accumulator 5 to the 

compressor 2. 

On the other hand, in cooling the rooms, the 
flow of refrigerant is as indicated by broken lines. The 
four-way valve 6 is in the state shown by the broken 
lines, and the high-temperature and high-pressure gas 
refrigerant discharged from the compressor 2 condenses in 
the outdoor heat exchanger 3 and becomes a liquid 
refrigerant. After this, the liquid refrigerant passes 
through the receiver 7 and the liquid pipe 16, and is 
sent to the indoor units 10a, 10b and 10c in operation, 
in the respective indoor units , the liquid refrigerant 
evaporates in the indoor expansion valves 13a, 13b and 
13c and the indoor heat exchangers 11a, lib and 11c, 
thereby cooling the rooms, and becomes a gas refrigerant. 
Subsequently, the refrigerant passes through the gas pipe 
14 and the accumulator 5 of the outdoor unit 1 and 
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returns to the compressor 2. In this process, the bypass 
expansion valve 9 is opened to bypass the liquid refrige- 
rant to the suction side of the accumulator 5 to adjust 
the operating condition of the compressor 2. 

In the multi-room air conditioning system as 
described, it is required to provide the users with 
comfortable air-conditioned environments by developing 
the air conditioning capacities suitable for the air 
conditioning load by controlling the indoor units while 
maintaining the compressor 2 in a safe and stable 
operating condition. In this embodiment, there are 
provided a plurality of feedback control functions each 
comprise detecting the controlled variables related to 
the above-mentioned requirement, and controlling the 
controlled variables so as to agree with the appropriate 
target values by using the manipulated variables. Those 
feedback control functions will be described in detail 
later. 

Fig. 2 is a block diagram for explaining the 
functions of the control apparatus 18 in a heating cycle. 
In Fig. 2, those parts which are identical with those 
shown in Fig. 1 are designated by the same reference 
numerals. The compressor 2 has a feedback control func- 
tion to control the discharge pressure and the discharge 
temperature so as to come closer to their target values. 
This function is as follows. Initially, an appropriate 
target value for the discharge pressure is set by a 
target value setter 19. Then, a subtracter 20 finds a 
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deviation of a detection signal of a discharge pressure 
detector 21 on the discharge side of the compressor 2 
from the target value, and a computing device 22 computes 
the number of revolutions of the compressor 2, which 
reduces the deviation. The result of computation is 
output from the control apparatus 18 to an inverter 23 to 
control the number of revolutions of the compressor 2. 

Similarly, a target value for the discharge 
temperature or the degree of discharge superheat is set 
by a target value setter 24. Then, a subtracter 25 finds 
a deviation of a detection signal of a discharge tempera- 
ture detector or a degree of discharge superheat detector 
26 on the discharge side of the compressor 2 from the 
target value, and a computing device 27 computes the 
opening angle of the outdoor expansion valve 8, which 
reduces the deviation. The result of computation is 
output from the control apparatus 18 to a controller of 
the outdoor expansion valve 8 to control the flow rate of 
the refrigerant flowing through the outdoor heat 
exchanger 3 in order to eventually adjust the discharge 
temperature or the degree of discharge superheat. 

On the other hand, the indoor units 10a, 10b 
and 10c have a feedback control function to control their 
room temperatures or air conditioning capacities to come 
closer to the set values or the target values regardless 
of changes of load. The control function is as follows. 
At first, set values of room temperature are supplied 
from a room temperature setter 28. Then, a subtracter 29 
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obtains deviations of the detection signals of the room 
temperature detectors 30a, 30b and 30c installed on the 
suction sides of the indoor heat exchangers 11a, lib and 
lie from the set or target values, and a computing device 
32 computes the opening angles of the indoor expansion 
valves 13a , 13b and 13c to reduce the deviations. 

Instead of the room temperatures, it is also 
possible to control the air conditioning capacities of 
the indoor heat exchangers 11a, lib and 11c. In this 
case, a possible process to this end is as follows: 
target value of the air conditioning capacities cor- 
responding to the deviations of the room temperatures are 
decided, then, deviations from the above-mentioned target 
values are obtained for the detected values of the air 
conditioning capacities computed from differences between 
outputs from temperature detectors 30a, 30b and 30c on 
the inlet sides and outputs from temperature detectors 
31a, 31b and 31c on the outlet sides of the indoor heat 
exchangers 11a, lib and 11c, and the opening angles of 
the indoor expansion valves 13a, 13b and 13c, which 
reduce the above deviations, are obtained. The obtained 
opening angles are output from the control apparatus 18 
to controllers of the indoor expansion valves 13a, 13b 
and 13c to control the flow rates of refrigerant flowing 
through the indoor heat exchangers 11a, lib and 11c. In 
this manner, the room temperatures can be adjusted when 
the air conditioning capacities vary and the air 
conditioning loads vary. 
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In addition to the above-mentioned feedback 
control functions, the control apparatus in this 
embodiment also includes an optimizing control function 
for directly minimizing the power consumption of the air 
5 conditioning system. More specifically, the power 
consumption of the compressor 2 is detected by the 
electric power detector 33 or a current and voltage 
detector for detecting a current and a voltage equivalent 
to the electric power. Then/ the minimizing computing 

10 device 34 for minimizing power consumption references at 
C in Fig. 2 deviations from the set values of room 
temperature at the indoor units in operation or devia- 
tions of the air conditioning capacities from the target 
values. To prevent the deviations from departing from a 

15 specified range, the opening angles of the indoor 

expansion valves 13a, 13b and 13c are corrected by an 
adder 35. Together with this, a deviation from the 
target value of the discharge pressure is referenced at A 
in Fig. 2, and a deviation from the target value from the 

20 discharge gas temperature or degree of superheat is 

referenced at B in Fig. 2, and in order that the power 
consumption is minimized without departure of the 
deviations from their specified ranges, the number of 
revolutions of the compressor 2 is corrected by an adder 

25 36 and the opening angle of the outdoor expansion valve 8 
is corrected by an adder 37 - 

When not only the power consumption of the 
compressor 2 but the power consumption of the whole air 
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conditioning system including the outdoor and indoor fans 
is to be minimized, an electric power detector 33 has 
only to be inserted into a power supply line leading to 
the air conditioning system. 

Fig. 3 shows another embodiment of the present 
invention. In this embodiment, one difference from the 
above-described embodiment is that only one indoor unit 
is connected to an outdoor unit, but the other aspects of 
this embodiment are the same as in Figs. 1 and 2. 

The principle of a method for directly reducing 
the power consumption will be described with reference to 
Fig. 4. For use as manipulated variables to directly 
minimize power consumption, there are two items con- 
sidered adequate, namely, the number of compressor 
revolutions and the opening angle of the outdoor expan- 
sion valve. In addition, to maintain the air-conditioned 
environments in the rooms, it is also necessary to 
control the air conditioning capacity by manipulating the 
opening angles of the indoor expansion valves installed 
in the indoor units. The relation among the processes 
for adjusting those quantities and the resulting air 
conditioning capacity and power consumption is multi- 
dimensional, so that it is a matter of great difficulty 
to illustrate the relation by a diagram. The outline of 
the principle will be described using Fig. 4. In Fig. 4, 
the plane formed by the number of compressor revolutions 
f and the outdoor expansion valve opening angle v Q shows 
the manipulated variables to be corrected to minimize the 
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power consumption. The axis lying perpendicularly to 
this plane shows the conditioning capacity Q and the 
power consumption W in this order from above with respect 
to manipulated variables. The transition of state of a -> 
b-» c shows the process for searching a state where the 
power consumption is reduced by correcting the mani- 
pulated variables in units of specified amounts by 
following a predetermined procedure. 

The region D is a region where the deviations 
from the target values of the discharge pressure and the 
discharge temperature as the controlled variables stay 
within the respective specified ranges, even if the 
number of compressor revolutions f and the outdoor expan- 
sion valve opening angle v Q are corrected from the 
15 optimum values. While the deviations are within this 
region D, the air conditioning system is in a stable 
condition as intended. It is also necessary to adjust 
the opening angles v ± of the indoor expansion valves to 
eliminate the possibilities that the deviations from the 
set values of temperature of the rooms where the indoor 
units in operation are installed or the deviations of the 
air conditioning capacities Q from the target values Q Q 
are go beyond the specified ranges, leaving the require- 
ments of the residents unfulfilled and the comf ortability 
reduced. Since there are a plurality of indoor units, 
the opening angle v ± of the indoor expansion valves are 
expressed using a combination of the indoor units as 
parameters . 
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V£ = v i (v lr v 2 , V n ) • (1) 

where n denotes the number of an indoor unit in 

operation 

In short, the expansion valve opening angles of 
5 the indoor units can be expressed mathematically by a 
space having n orthogonal axes. Hence, by setting the 
opening angles of the indoor expansion valves, a one- 
dimensional subspace is formed from the n-dimensional 
space. Therefore, by using the opening angles of the 
10 indoor expansion valves as the parameters, planes can be 
formed in Fig. 4 which are expressed by the following 
equations s 

Plane A where state a. exists : a combination of indoor 
expansion 

15 valves v iA =v iA (v 1A ,v 2A , ...» v nA) 

Plane B where state, b exists : a combination of indoor 

expansion 

valves v iB =Vi B ( v iB' v 2B # •••» v nB) 

Plane C where state c exists : a combination of indoor 

20 expansion 

valves v ic =v ic (v lc ,v 2 c, •••» v nc) 

As a result, even if the state of the manipu- 
lation plane changes in such a manner as a -» b c, by 
adjusting the opening angles of the indoor expansion 

25 valves, the air conditioning capacity can be maintained 
at a fixed value Q c . This will be described in greater 
detail with reference to Fig. 4. 

Suppose that in the air conditioning system in 
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state a , the state a changes to state b by correcting the 
number of compressor revolutions as a manipulated 
variable by f a . As for the air conditioning capacity, if 
the opening angles of the indoor expansion valves are 
Kept unchanged, point a moves on plane A to point b' . In 
order to keep the air conditioning capacity at Q c , which 
is at the same level as before the manipulated value was 
corrected, the opening angles of the expansion valves for 
the indoor heat exchangers are varied. Suppose that as a 
result, point b on plane B is one of the points which 
fulfill the above purpose. As for the power consumption 
at this time, the power consumption, which was at Wa when 
the state was at a, decreases to Wb as the state changes 
to b. 

When the state is at b, the opening angle of 
the outdoor expansion is corrected by v b - In this case, 
too, as has been done before, the opening angles of the 
indoor expansion valves to keep the air conditioning 
capacity Q c unchanged are obtained. Suppose that the 
combination of those opening angles is point c on plane 
C. The power consumption at this time is Wc, that is, 
further lower than the power consumption wb in state b. 
Suppose that in state c even if the number of compressor 
revolutions f c and the opening angle v c are corrected and 
the combination of the indoor expansion valves is 
adjusted, the power consumption does not decrease or the 
controlled variables such as the compressor discharge 
pressure are unable to stay within the permissible range. 
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At this time, the search for a possible reduction of 
electric energy consumed is terminated. 

Description will next be made of a method for 
actually reducing power consumption based on the 
principle described above. In Fig. 5, of the two 
characteristic quantities, the Y axis is selected to 
represent the number of revolutions f of the compressor 
2, and the X axis is selected to represent the opening 
angle v Q of the outdoor expansion valve 8, so that an X-Y 
plane thus formed is a plane of a combination of the 
manipulated variables. In addition, the Z axis is 
selected for a quantity representing the operating 
condition of the air conditioning system. The quantities 
represented on the Z axis are the air conditioning 
15 capacity Q of each indoor unit, and the power consumption 
W and the coefficient of performance COP of the air 
conditioning system in this order from above. In Fig. 5, 
the graphs denoted by (al), (bl) and (cl) have the curves 
formed by projecting the curves of the X-Y-Z three- 
20 dimensional space to the Y-Z plane, while the graphs 

denoted by (a2), (b2) and (c2) have the curves formed by 
projecting the above-mentioned curves to the X-Z plane. 

When the set values of the room temperature are 
given to the indoor units 10a, 10b and 10c, deviations of 
25 the detected room temperatures from the set values or the 
air conditioning capacities Q Q corresponding to the room 
temperature deviations are controlled by adjusting the 
opening angles v i of the indoor expansion valves 13a, 13b 
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and 13c. Fig. 5 shows the operating condition of the air 
conditioning system by using as a parameter the opening 
angle of the indoor expansion valve of one room as an 
example. A graph (a^ shows the relation between the 
number of compressor revolutions f and the air condi- 
tioning capacity Q by using the opening angle v ± of the 
indoor expansion room as the parameter. On the other 
hand, a graph <a 2 ) shows the relation between the opening 
angle v Q of the outdoor expansion valve 8 and the air 
conditioning capacity Q by using the opening angle v ± of 
the indoor expansion valve as the parameter. When the 
number of revolutions of the compressor 2 is f 1 and the 
opening angle of the outdoor expansion valve 8 is v ol , if 
the opening angle of the indoor expansion valve is v 11# 
the air conditioning capacity at point A x is Q Q . 
However, even if the number of revolutions of the 
compressor 2 is f 2 and the opening angle of the outdoor 
expansion valve 8 is v o2 , by setting the opening angle of 
the indoor expansion valve at v i2 , the air conditioning 
capacity at point A 2 can be retained at the same level of 

Q Q as before. 

At this time, the relation between the number 
of revolutions f of the compressor 2 and the power con- 
sumption W is expressed as shown in a graph (b x ) by using 
the opening angle Vi of the indoor expansion valve as a 
parameter. Also, the relation between the opening angle 
v c of the outdoor expansion valve 8 and power consumption 
W is expressed as shown in a graph (b 2 ) by using the 
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opening angle. v ± of the indoor expansion valve as a 
parameter. The power consumption is W x at point B x , 
which corresponds to the above-mentioned point A x reached 
when the number of revolutions of the compressor 2 is f x , 
and also, the opening angle of the outdoor expansion 
valve 8 is v ol and the opening angle of the indoor 
expansion valve is v lr However, the power consumption 
is W 2 at point B 2 , which corresponds to the above- 
mentioned point A 2 reached when the number of revolutions 
of the compressor 2 is f 2 , the opening angle of the 
outdoor expansion valve 8 is v o2 and, and in addition, 
the opening angle of the indoor expansion valve is set at 
v i2 . To be more specific, to obtain the same air 
conditioning capacity Q Q , the latter case requires a 
lesser level of power consumption W than in the former 
case. 

Note that a coefficient of performance COP is a 
value obtained by dividing the air conditioning capacity 
Q by power consumption W, and is inverse proportion 
merely to power consumption when the air conditioning 
capacity is fixed at Q 0 . Hence, the relation between the 
number of revolutions f of the compressor 2 and the 
coefficient of performance COP is expressed as shown in a 
graph (Cj) by using the opening angle v ± of the indoor 
expansion valve as a parameter- The relation between the 
opening angle v Q of the outdoor expansion valve 8 and the 
coefficient of performance COP is expressed as shown in a 
graph (c 2 ) by using the opening angle v ± of the indoor 
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expansion valve as a parameter. The coefficient of 
performance COP is COP x at point C x which corresponds to 
the above-mentioned point A x reached when the number of 
revolutions of the compressor 2 is f x and the opening 
angle of the outdoor expansion valve 8 is v ol and the 
opening angle of the indoor expansion valve is set at 
Vil . On the other hand, the coefficient of performance 
is COP 2 at point C 2 , which corresponds to the above- 
mentioned point A 2 reached when the number of revolutions 
of the compressor 2 is f 2 , the opening angle of the 
outdoor expansion valve 8 is v o2 and the opening angle of 
the indoor expansion valve is set at v ±2 . To.be more 
specific, the coefficient of performance COP is higher 
for the latter case than in the former case when the same 
15 air conditioning capacity Q 0 is obtained. 

Let us consider the above-mentioned process in 
relation to the plane of manipulated variables (the X-Y 
plane). A state D^v^, f x ) when the number of 
revolutions of the compressor 2 is f x and the opening 
angle of the outdoor expansion valve 8 is v ol is taken as 
a start point. By starting from the power consumption W x 
at this point D lf the number of revolutions f of the 
compressor 2 and the opening angle v Q of the outdoor 
expansion valve 8 are varied by infinitesimal quantities 
Af and Av Q , respectively, and the quantities are 
computed. And, the direction in which the power consump- 
tion W is further reduced is searched. Assuming that the 
minimum power consumption W 2 is achieved in state D 2 
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(v o2 , wnen tne number of revolutions of the 

compressor 2 is f 2 and the opening angle of the outdoor 
expansion valve is v o2 , then, power consumption 
corresponding to W x - W 2 can be saved. 

Here, it is necessary to control the opening 
angles v ± of the indoor expansion valves to eliminate the 
possibilities that either the deviation from the set 
value of the temperature of the room where the indoor 
unit in operation is installed or the deviation of the 
air conditioning capacity Q from the target value goes 
beyond the specified range as shown in graphs (a x ) and 
(a 2 ), leaving the requirements of the residents 
unfulfilled and the comf ortability decreased. In 
addition, though not illustrated, it is necessary to 
correct the number of revolutions f of the compressor 2 
and the opening angle v Q of the outdoor expansion valve 
to eliminate possibilities that a deviation from the 
target value of either the discharge gas temperature or 
the degree of superheat of the compressor 2 is unable to 
stay within the a specified range, causing a hitch in the 
continuation of a normal operation of the compressor. To 
this end, as shown in Fig. 2, in controlling power 
consumption, a detection signal from the electric power 
detector 33 or from a voltage and current detector is 
input into the control apparatus. Other data to be input 
to the control apparatus are a deviation from the set 
value of room temperature or a deviation from the target 
value of the air conditioning capacity, a deviation from 
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the target value of detected pressure and a deviation 
from the target value of discharge temperature or degree 

of superheat. 

Fig. 6 is a flowchart showing a procedure for 
directly minimizing power consumption as shown in Fig. 5, 
and describes the operation of the minimizing computing 
device 34. To ensure correct settings of the condition 
and power consumption of the multi-room air conditioning 
system, at the first step (step 90), the number of 
revolutions of the compressor 2 is controlled so that the 
discharge pressure of the compressor 2 reaches the target 
value, and next the opening angle of the outdoor expan- 
sion valve 8 is controlled so that the discharge tempe- 
rature or the degree of discharge superheat of the 
15 compressor 2 reaches the target value. Subsequently, the 
opening angles of the indoor expansion valves 13a, 13b 
and 13c are controlled to make the room temperature or 
the air conditioning capacity of each room come closer to 
the target value, and under the steady state that all 
20 control actions have been completed (step 100), a search 
action is started. The steady state can be determined by 
a fact that the deviations of the above-mentioned 
controlled variables from the target values are within 
specified ranges for specified time periods (step 200). 
25 Under this state, by following a specified 

procedure, at least either one of the two manipulated 
variables, that is, the number of compressor revolutions 
and the outdoor expansion valve opening angle, is 
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corrected by a specified amount, (step 110). Thereafter f 
a waiting time is provided to wait for the air condition- 
ing system to return to the steady state. When the 
multi-room air conditioning system has returned to the 
5 steady state , a decision is made whether the deviations 
of detected values from the target values of the dis- 
charge pressure , temperature or degree of superheat of 
the compressor 2 stay within specified ranges (step 120). 
If those deviations go beyond within the specified 
10 ranges, the correction done as mentioned above is 

inadequate and r therefore, the correction is cancelled 
(step 170) , and the contents of the correction are 
changed (steps 180 and 190). If the deviations are 
within the specified ranges , the opening angles of the 
15 indoor expansion valves are adjusted so that the 

deviations of the ( detected room temperatures from the set 
values or the deviations of the measured air conditioning 
capacities from the target values in the indoor units in 
operation come into the specified range (step 130). 
20 Then, a decision is made whether the deviations are 
within the specified range (step 140), and if the 
deviations exceed the specified range, it follows that 
the correction mentioned above is still inadequate, so 
that the correction is cancelled, and the contents of the 
25 correction are changed (steps 170 to 190). If the 

deviations are within the specified range, whether power 
consumption after the correction has decreased from the 
level before the correction is examined (step 150). If 
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the power consumption has not decreased, the correction 
done as mentioned above is still inadequate, so that the 
correction is cancelled, and the contents of the cor- 
rection are changed (steps 170 to 190). If the power 
consumption has decreased, this means that the above 
correction was successful in minimizing the power 
consumption, and that there is still a possibility of 
further decreasing the power consumption, so that it is 
advantageous to repeat the correction with the same 
contents as in the above correction (step 160). However, 
if the power consumption does not decrease as mentioned 
above by correction done with contents by any other 
specified procedures, a decision is made that the current 
state has the minimum power consumption, and the 
correction procedure is finished (steps 210 to 230). 

incidentally, it is possible to predetermine 
the procedure for correcting the two manipulated 
variables, that is, the number of compressor revolutions 
and the opening angle of the outdoor expansion valve 8, 
and also predetermine amounts of correction based on the 
characteristics of the multi-room air conditioning system 
shown in Fig. 5. More specifically, since the direction 
in which power consumption decreases can be predicted 
from Fig. 5, if a procedure is formulated such that 
correction of the manipulated variables proceeds in a 
predicted direction, correction is not a trial and error 
operation, but an operation that can achieve the 
minimization of electric power in a short time. This 
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will be further considered on the plane of manipulated 
variables in Fig. 5- If a search is started from the 
point of state D x , a search is repeated in the direction 
of reducing power consumption by increasing or decreasing 
the number of revolutions of the compressor 2 in pre- 
determined units of Af in the predicted direction, or by 
using this method in combination with correction by 
increasing or decreasing the opening angle of the outdoor 
expansion valve 8 in predetermined units of Av Q similarly 
in the predicted direction. By this arrangement, a 
search proceeds in the direction of the point of state 
D 2 , and on reaching the point D 2 , the search is 
terminated, and thus the minimization of power consump- 
tion is achieved. It is possible to change the direction 
of a search only to the X direction or the Y direction or 
change the search .direction to the X direction and the Y 
direction simultaneously, or a combination of these two 
methods. It is also possible to change the amount of 
correction in one correction or change the direction of 
increasing or decreasing the amount of correction. In 
this way, various heuristic methods can be employed to 
achieve efficient searches. 

In the present invention, the room temperature 
is used as a rule of thumb for measuring comf or t ability . 
If, for example, 20°C was the optimum temperature in 
terras of conventional measure of comfort for a comfort- 
able temperature range of ±2°C, a permissible error range 
of 18 °C to 22 °C was selected, and so long as the room 
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temperature was within this range, it used to be 
considered acceptable. In the present invention, 
however, even if the permissible range of comfortable 
temperature is in the same range of ±2°C as it used to 
be, a room temperature value to be selected is a point in 
temperature, so that the room temperature is controlled 
so as to be 19°C±0.1°C. If the operating condition 
changes, the room temperature under control varies within 
21°C±0.1°C, for example. 

In the above description, a multi-room type air 
conditioning system has been taken up as an example, but 
this invention can be applied similarly to a single-room 
type. in the latter case, since there is only one indoor 
unit, the indoor expansion valve to be controlled is 

15 naturally one. 

Fig . 7 is a block diagram of a further embodi- 
ment of the present invention, and is a modification of 
the embodiment in Fig. 2. In Fig. 7, those parts 
designated by the same reference numerals as in Fig. 2 

20 are the same parts. The basic feedback functions shown 

in Fig. 2 can be performed also in the embodiment in Fig. 
7. In this embodiment, the function of the minimizing 
computing device 34 for directly minimizing power 
consumption differs from the one in Fig. 2 as described 

25 below. To be more concrete, the difference from the 
embodiment in Fig. 2 is that in minimizing power con- 
sumption, instead of using the manipulated variables such 
as the number of compressor revolutions and the opening 
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angle of the outdoor expansion valve 8 r in this embodi- 
ment the target value of the discharge pressure of the 
compressor 2 is corrected by an adder 38 and the target 
value of the discharge temperature or the degree of 
superheat of the compressor 2 is corrected by an adder 
39. 

Fig. 8 is a flowchart for explaining the 
control operation of the electric power minimizing device 
34. A difference from the control operation in Fig. 6 is 
that the target value of the discharge pressure or the 
target value of the discharge temperature or the degree 
of superheat is corrected in units of specified amount by 
following a predetermined procedure (steps 112 and 122) 
to search for a direction in which power consumption is 
decreased. Except for this difference, the other aspects 
of the general operating procedure are the same. 

Fig. 9 is a block diagram for explaining the 
function of the control apparatus 18 in room cooling in a 
yet another embodiment of the present invention. In Fig. 
9, those parts designated by the same reference numerals 
as in Figs. 1 and 2 are the same parts. With regard to 
the compressor 2, there is provided a feedback control 
function for controlling three state quantities, namely, 
the suction pressure, the discharge temperature or the 
degree of discharge superheat, and the discharge pressure 
so as to follow the target values. This function will be 
described. First, an adequate target value of suction 
pressure is given from a target value setting function 
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40. Then, a subtracter 41 obtains a deviation of the 
detection signal of a suction pressure detector 42 
installed on the suction side of the compressor 2 from 
the target value, and a computing device 43 computes the 
number of revolutions of the compressor 2 so as to reduce 
this deviation. The result of this computation is output 
from the control apparatus 18 to the inverter 23 to 
rotate the compressor 2 for a specified number of 

revolutions . 

Similarly, a target value of the discharge 
temperature or the degree of discharge superheat of the 
compressor 2 is given by a target value setter 44. Then, 
a subtracter 45 obtains a deviation from the target value 
of a detection signal of the discharge temperature 
detector 26 or a discharge superheat detector installed 
on the discharge side of the compressor 2, and a 
computing device 46 computes the opening angle of the 
bypass expansion valve 9 to reduce the above-mentioned 
deviation. The result of computation is output from the 
control apparatus 18 to the bypass expansion valve 9 to 
make the opening angle thereof comply with the specif ied 
value, thus controlling the flow rate of refrigerant 
flowing through a bypass pipe 47, thereby adjusting the 
discharge temperature or the degree of discharge 
superheat of the compressor 2. In addition, an adequate 
target value of discharge pressure of the compressor 2 is 
supplied by a target value setter 48. Then, a subtracter 
49 obtains a deviation from this target value of a 
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detection signal of the discharge pressure detector 21 
installed on the discharge side of the compressor 2, and 
a computing device 50 computes the opening angle of the 
outdoor expansion valve 8 to reduce the deviation. The 
result of computation is output from the control 
apparatus 18 to the outdoor expansion valve to make the 
opening angle of the outdoor expansion valve 8 comply 
with the specified value, thus controlling the flow rate 
of refrigerant flowing through the outdoor heat exchanger 
3, thereby adjusting the discharge pressure of the 

compressor 2 . 

With regard to the indoor units 10a, 10b and 
10c, the control apparatus 18 includes a feedback control 
function for controlling the room temperatures or the air 
conditioning capacities so as to follow the set values or 
target values regardless of load changes. This function 
will be described. First, set values of temperature of 
the respective rooms are given from the room temperature 
setter 28 by the user. Then, a subtracter 29 obtains 
deviations of detection signals of the room temperature 
detectors 30a, 30b and 30c installed on the suction sides 
of the indoor heat exchangers 11a, lib and 11c from the 
set values, and the computing device 32 computes the 
opening angles of the indoor expansion valves 13a, 13b 
and 13c to reduce the deviations. The result of 
computation is output from the control apparatus 18 to 
the indoor expansion valves 13a, 13b and 13c, thus 
controlling the flow rates of refrigerant flowing through 
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the indoor heat exchangers 11a, lib and 11c, thereby 
adjusting the room temperatures or the air conditioning 
capacities . 

In addition to the above-mentioned feedback 
5 control function, the control apparatus 18 in this 
embodiment includes a feedback control function for 
directly minimizing power consumption. To perform this 
function, there is provided an electric power detector 33 
or a current and voltage detector to detect the power 

10 consumption of the compressor 2. Control of the follow- 
ing processes is performed in parallel to minimize power 
consumption by using the minimizing computing device 34. 
To be more specific, to prevent the room temperatures by 
the indoor units in operation from departing from the 

15 given set values or to prevent the air conditioning 

capacities from departing from the given target values, 
the opening angles of the indoor expansion valves 13a, 
13b and 13c are corrected by the adder 35 while referenc- 
ing the deviations at D in Fig. 9. Also, to prevent the 

20 deviation of the suction pressure of the compressor 2 

from the target value from departing from the specified 
range, the number of revolutions of the compressor 2 is 
corrected by an adder 51 while referencing the deviation 
at A in Fig. 9. Furthermore, to prevent the deviation of 
25 the discharge temperature or the degree of superheat of 
the compressor 2 from the target value from departing 
from the specified range, the opening angle of the bypass 
expansion valve 9 is corrected by an adder 52 while 
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referencing the deviation at B in Fig. 9. In addition, 
to prevent the deviation of the discharge pressure of the 
compressor 2 from the target value from departing from 
the specified range, the opening angle of the outdoor 
expansion valve 8 is corrected by an adder 53 while 
referencing the deviation at C in Fig. 9. Control of 
those corrections is performed in parallel by the 
minimizing computing device 34 . 

With reference to Fig. 10, description will now 
be made of the principle of minimizing power consumption 
based on the characteristics of the multi-room air con- 
ditioning system using the above-mentioned computing 
device 34. The X-Y plane is the plane of manipulated 
variables to be corrected to minimize electric power, 
which include the number of revolutions of the compressor 
2, the opening angle v B of the bypass expansion valve 9, 
and the opening angle v c of the outdoor expansion valve 
8. The Z axis represents the air conditioning capacity Q 
and power consumption W in this order from above. The 
transition of state of a -»> b c indicates the process 
for searching the state whereby to reduce electric power, 
and the manipulated variables are corrected in units of 
specified amount by a predetermined procedure. The 
region D is a region where deviations of the suction 
pressure, discharge temperature and discharge pressure 
from their target values are within the specified ranges 
and the air conditioning system is in a stable condition 
as planned. Even when the state changes in such a manner 
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as a * b * c, by adjusting the opening angles of the 
indoor expansion valves, the air conditioning capacity is 
maintained at a fixed level, so that the comfort of the 
residents is not affected. Under this condition, if in 
state a the number of compressor revolutions is corrected 
by f a , the state a as changes to state b where power 
consumption is reduced. If in state b the bypass 
expansion valve and the outdoor expansion valve are 
corrected by v b , the state b_ changes to state c where 
power consumption is further reduced. In the state c, in 
whatever amount the manipulated variables, such as the 
number of compressor revolutions f c and the bypass 
expansion valve opening angle v c , are corrected, if the 
power consumption does not decrease or any of the 
15 manipulated variables goes beyond the specified range, a 
decision is made that search has reached the final state. 

Fig. 11 is a flowchart for explaining the 
operation of the minimizing computing device 34 shown in 
Fig. 10. This control operation differs from that shown 
20 in Fig. 6 in that in addition to the number of compressor 
revolutions, the opening angle of the bypass expansion 
valve and the opening angle of the outdoor expansion 
valve are corrected in units of specified amount by the 
procedure in Fig. 10 (steps 114 and 124) to search for 
25 the direction in which electric power is reduced. The 
other aspects of the operating procedure are the same. 

Fig. 12 is a block diagram of a still further 
embodiment of the present invention, which is a 
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modification of the embodiment in Fig. 9. In Fig. 12, 
those parts designated by the same reference numerals as 
in Fig. 9 are the same parts. In this embodiment, too, 
there is provided a basic feedback function shown in Fig. 
9. in this embodiment, however, the minimizing computing 
device 34 for directly minimizing power consumption 
differs from the one in the embodiment in Fig. 9 in the 
following respects. Specifically, in order to minimize 
power consumption, instead of using the manipulated 
variables, such as the number of revolutions of the 
compressor 2, and the opening angles of the bypass 
expansion valve 9 and the outdoor expansion valve 8, the 
target value of the suction pressure of the compressor 2 
is corrected by using an adder 54, then additionally, the 
target value of discharge temperature or degree of 
superheat of the compressor 2 is corrected by using an 
adder 55, and moreover, the discharge pressure of the 
compressor 2 is corrected by using an adder 56. In the 
embodiments in Figs. 9 and 12, three manipulated 
variables or target values are corrected, but if the 
correcting method is complex, the search procedure may be 
simplified without correcting the outdoor expansion valve 
8, for example, without departing from the subject-matter 
of the present invention. 
25 In the above embodiments and modifications, 

arithmetic operations and control are performed by a 
digital computer. In this case, data necessary for 
control and arithmetic operations should preferably be 



15 



20 
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stored in memory means of the digital computer in table 
form shown in Fig. 13. By this arrangement, data can be 
referenced easily, and even if any problem arises, the 
problem can be dealt with readily. 

Modified embodiments existing within the true 
spirit and scope of the present invention are all covered 
by the appended claims. 

As has been described, according to the present 
invention, in addition to the conventional control 
function of maintaining the compressor in stable and safe 
condition and outputting the air conditioning capacity 
corresponding to the air conditioning load of each room, 
there is provided a function to retain the operating 
condition that power consumption is minimized. There- 
fore, power consumption which has been evaluated directly 
or by estimation can be reduced directly, and the present 
invention holds good promises for notable energy-saving 
effects. 
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CLAIMS 

1. An air conditioning apparatus comprising an 

outdoor unit and at least one indoor unit connected by 
piping, and control means, said outdoor unit having a 
variable-revolution-speed compressor, an outdoor heat 
exchanger and an outdoor expansion valve sequentially 
connected by piping, said at least one indoor unit 
including an indoor heat exchanger, said control means 
being used for performing feedback control of controlled 
variables by using manipulated variables , wherein for 
said control means, electric power detecting means for 
detecting the electric power consumed by the air 
conditioning system is installed to enable said control 
means to perform feedback control including control to 
minimize said power consumption when deviations of the 
room temperatures or the air conditioning capacities from 
the target values are within specified ranges. 

2 . An air conditioning system according to Claim 
1, wherein each said indoor unit includes an indoor 
expansion valve, and said control means controls opening 
angles of said indoor expansion valves. 

3 . An air conditioning system has an outdoor unit 
and a plurality of indoor units connected by piping, said 
outdoor unit having a variable-revolution- speed com- 
pressor, an outdoor heat exchanger and an outdoor 
expansion valve sequentially connected by piping, said 
plurality of indoor units each having an indoor heat 
exchanger and an indoor expansion valve connected by 
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piping, said air conditioning system comprising electric 
power detecting means for detecting power consumption of 
said air conditioning system, compressor temperature 
detecting means for detecting a discharge temperature of 
said compressor, room temperature detecting means for 
detecting temperatures of air flowing into said indoor 
heat exchangers, and control means for controlling the 
number of revolutions of said compressor and opening 
angles of said outdoor expansion valve and said indoor 
expansion valves, wherein said control means includes a 
first control portion for controlling a discharge 
pressure so as to approach a target value, a second 
control portion for controlling a discharge temperature 
of said compressor so as to approach a target value, and 
a third control portion for controlling said room 
temperatures so as to approach target values, and wherein 
for said control means, an electric power control portion 
is installed for receiving an electric power value 
detected by said electric power detecting means and 
outputting correction signals to said first to third 
control portions. 

4. An air conditioning system according to Claim 

2, wherein said control means includes a first feedback 
control portion for controlling a discharge pressure so 
as to approach a target value, a second feedback control 
portion for controlling a discharge temperature of said 
compressor and a third feedback control portion for 
controlling room temperatures so as to approach target 
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values, and wherein in said control means, an electric 
control portion is installed for receiving an electric 
power value detected by said electric power detecting 
means and outputting correction signals into feedback 
loops of said first to third feedback control portions. 
5. An air conditioning system according to Claim 3 

or 4, wherein detecting means for detecting a suction 
pressure is installed at said compressor, a fourth 
feedback control portion for controlling said suction 
pressure so as to approach the target value is installed 
in said control means, and said electric power control 
portion outputs a correction signal into said fourth 
feedback loop. 

6 . An air conditioning system according to Claim 

2, wherein said control means includes a first feedback 
control portion for controlling a discharge pressure so 
as to approach a target value, a second feedback control 
portion for controlling a discharge temperature of said 
compressor, and a third feedback control portion for 
controlling room temperatures so as to approach target 
values, and wherein said control means further includes 
an electric power control portion for receiving an 
electric power value detected by said electric power 
detecting means, outputting correction signals through 
adders to feedback loops of said first and second 
feedback control portions, and also outputting a 
correction signal into a feedback loop of said third 
feedback control portion. 
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7 m An air conditioning system according to Claim 

6, wherein detecting means for detecting a suction 
pressure is installed at said compressor, a fourth 
feedback control portion for controlling said suction 
pressure so as to approach the target value is installed 
in said control means, and said electric power control 
portion outputs a correction signal through an adder into 
said fourth feedback loop. 

3. An air conditioning system according to Claim 1 

or 2, further comprising discharge pressure detecting 
means for detecting a discharge pressure of said 
compressor, temperature detecting means for detecting a 
discharge gas temperature or degree of superheat, 
electric power detecting means for detecting power 
consumption or current and voltage, room temperature 
detecting means for detecting temperatures of air flowing 
into said indoor units, setting means for setting set 
values of room temperature or target values of the air 
conditioning capacities of said indoor units, means for 
deciding a target value of the discharge pressure of said 
compressor, number of revolutions computing means for 
computing the number of revolutions of said compressor 
to reduce the deviation of the discharge pressure 
detected by the discharge pressure detecting means from 
the target value thereof, number of revolutions control 
means for controlling the number of compressor revolu- 
tions based on the result of the computation, means for 
deciding the target value of the discharge gas 
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temperature or the degree of superheat of the compressor, 
opening angle computing means for computing the opening 
angle of the outdoor expansion valve to reduce the 
deviation of the discharge gas temperature or the degree 
of superheat from the target value thereof, opening angle 
control means for controlling the opening angle of the 
outdoor expansion valve based on the result of the 
computation, and a control apparatus for, in order to 
further reduce power consumption of the multi-room air 
conditioning system detected by the electric power 
detector, putting deviations of the room temperature 
setting values or of the air conditioning capacities of 
said indoor units in operation from the target values in 
specified ranges and putting a deviation of the com- 
pressor discharge pressure from the target value and a 
deviation of the discharge gas temperature or the degree 
of superheat from the target value in specified ranges, 
and executing at least either the correction of the 
number of compressor revolutions and the correction of 
the outdoor expansion valve opening angle, or the 
correction of the target value of the compressor 
discharge pressure and the correction of the target value 
of the discharge gas temperature or the degree of 
superheat . 

9# a method for operating an air conditioning 

system for providing comfortable air-conditioned spaces 
by feedback control, the air conditioning system having 
an outdoor unit and at least one indoor unit connected by 
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piping, said outdoor unit having a variable-revolution- 
speed compressor, an outdoor heat exchanger and an 
outdoor expansion valve sequentially connected by piping, 
and the at least one indoor unit having an indoor heat 
exchanger and an indoor expansion valve connected by 
piping, said method for operating the air conditioning 
system comprising the steps of s 

after an optimum air-conditioned space is 
obtained by feedback control using the discharge pressure 
and temperature of the compressor and the temperatures of 
air flowing into the indoor units, correcting at least 
either the number of compressor revolutions or the 
opening angle of the outdoor expansion valve; 

adjusting the opening angles of the indoor 
expansion valves so that the room temperatures of said 
indoor unit in operation are in a specified range when 
the detected value of the compressor discharge pressure 
or discharge temperature is in a specified range; 

comparing the power consumption of an air 
conditioning system with the power consumption before the 
correction mentioned above; and 

repeating the above procedure until the power 

consumption becomes minimum. 

10 . An air conditioning system according to any of 
Claims 3 to 8, wherein said first, second and third 
control portions each use a digital computer. 

11. An air conditioning system according to any of 
Claims 3 to 8, wherein said control means includes 
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notifying means to give notice that power consumption has 
reached the minimum value. 

12. An air conditioning system according to any of 
Claims 3 to 8, wherein said control means includes 
selection means for making a choice whether to execute 
control by said third control portion with regard to 
power consumption. 

13. An air conditioning system substantially as herein 
described with reference to and as illustrated in Figs. 1,2, 4, 5 
and 6, or Fig. 3, or Figs. 7 and 8, or Figs. 9, 10 and 11, 

or Fig. 12 of the accompanying drawings. 

14. A method of operating an air conditioning system substantially 
as any one herein described with reference to and as illustrated 

in the accompanying drawings. 
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